New insights in thylakoid membrane organization.
High-pressure freezing (HPF) in combination with freeze substitution (FS) was used to analyse changes in the structure of barley chloroplasts during the daily change of light and darkness. In contrast to conventional treatment of samples, HPF-FS revealed substantial differences in chloroplast shape, volume and ultrastructure in the light period and during darkness. While chloroplasts have an ellipsoidal shape in the light, they have an enlarged and round form during the dark period. Samples collected in the light show the typical differentiation of stroma and grana thylakoids as observed by conventional ultrastructural analyses. In chloroplasts of samples collected during the dark period, thylakoids were swollen and grana stacks to a large extent were disintegrated. Similar changes occurred when leaves in the light were treated with the uncoupler gramicidin. The results suggest that the light-dependent changes in thylakoid membrane organization are related to the light-dependent changes in the ionic milieu of the thylakoid lumen and the stroma.